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@ High speed, nonvolatile, electrically erasable memory system 



® A method is disclosed for encoding binary data into an 
electrically erasable memory, said memory comprising a 
matrix of memory ceils, each of said cells comprising a 
floating gate field effect pMOS transistor for storage of 
binary data and an npn bipolar transistor for selective access 
to stored data. The control gate of each storage transistor in 
a row IS connected to an X write line; the emitter of each 
bipolar transistor in a row is connected to an X sense line; 
the source of each bipolar transistor in a row is connected to 
a source line and the collector of each bipolar transistor in a 
column is connected to a Y sense line. The method 
comprises: 

(al applying an erase voltage to each of said Y sense 
lines and, simultaneously, maintaining each of said X sense 
Imes at said erase voltage, maintaining each of said X write 
lines at ground and applying said erase voltage to each of 
said source lines such that each of said storage transistors 
assumes a relatively negative threshold state; and 

(b) applying a write voltage to selected X write lines 
while maintaining unselected X write lines at ground, and 
simultaneously, maintaining selected Y sense lines at 
ground and unselected Y sense lines at an inhibit voltage 
which !s less than said write voltage and maintaining each of 
said X sense lines at an intermediate voltage which is equal 
to or less than the base/emitter breakdown voltage of said 
bipolar transistors such that the storage transistors of 



memory cells located at the intersections of said selected X 
write lines and said selected Y sense lines assume a 
relatively positive threshold state. 
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HIGH SPE ED. NONVOLATILE. ELECTRICALr.Y 
ERASABLE MEMORY SYSTEM 



^ BACKGROUND OF THE INVENTION 

The present invention relates to electrically 
erasable memory systems and in particular to a method for 
encoding binary data into a nonvolatile, electrically 
5 erasable memory system. 

Prior art nonvolatile memory systems have been 
restricted to field effect transistor, typically MOS, 
technology with a resultant limitation in operating speed. 
While it is well Known that higher operating speeds are 
10 provided by bipolar technology, prior bipolar art has lacked 
a nonvolatile storage mechanism. 

The present invention provides a method for high 
speed erasing, writing and reading binary data in an 
electrically erasable nonvolatile memory array. 

15 

SUMMARY OF THE INVENTION 
According to a preferred embodiment of the present 
invention, a method for encoding binary data into an 
electrically erasable memory is provided, said memory 
20 comprising a matrix of memory cells. 

Each cell of the memory array comprises a pMOS 
floating gate transistor for data storage and a merged npn 
bipolar transistor for selective access to stored data. The 
pMOS floating gate transistor acts similarly to a current 
25 source, injecting (depending on its threshold) either finite 
or zero base current into the npn bipolar transistor, 
causing the bipolar transistor to exhibit either high or low 
impedance. 
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The memory array comprises a matrix of such memory 
cells formed as a plurality of rows and a plurality of 
columns. A plurality of X write lines are provided, the 
control gate of each pMOS storage transistor in a row of 
memory cells being connected to an X write line 
corresponding to that row. A plurality of X sense lines are 
also provided, the emitter of each bipolar transistor in a 
row of cells being connected to an X sense line 
corresponding to that row, A plurality of source lines are 
also provided, the source of each pMOS storage transistor in 
a row of cells being connected to a 

source line corresponding to that row. A plurality of Y 
sense lines are also provided, the collector of each bipolar 
transistor in a column of cells being connected to a Y sense 
line corresponding to that column. In a preferred 
embodiment, continuous strips of N-f- buried layer form the Y 
sense lines and are OR-tied to the collectors of the bipolar 
transistors in the corresponding column. 

- Binary data is encoded into the memory array by 
applying an erase voltage to each of the Y sense lines in 
the array, and, simultaneously, maintaining each of the X 
sense lines at the erase voltage. At the same time, each of 
the X write lines is maintained at ground and the erase 
voltage is applied to each of the source lines. This 
condition causes each of the storage transistors to assume a 
relatively negative threshold state. Next, a write voltage 
is applied to selected X write lines while unselected X 
write lines are maintained at ground. Simultaneously, 
selected Y sense lines are maintained at ground and an 
inhibit voltage which is less than the write voltage is 
applied to unselected Y sense lines. At the same time, each 
of the X sense lines in the array is maintained at an 
intermediate voltage which is less than or equal to the 
base/emitter breakdown voltage of the bipolar transistors. 



"3- 



01 761 1 1 



These conditions cause the pMOS storage transistors of the 
memory cells located at the intersections of the selected X 
write lines and the selected Y sense lines to assume a 
relatively positive threshold state. 

To read binary data from the array, a selected X 
sense line is maintained at ground while unselected X sense 
lines and each Y sense line are maintained at about +3 
volts. At these conditions, memory cells connected to the 
selected X sense lines and having pMOS storage transistors 
in the relatively negative threshold state are less 
conducting than memory cells connected to the selected X 
sense line and having storage transistors in the relatively 
high threshold state. The memory cells connected to the 
selected X sense line are then monitored to determine their 
relative conductance. 
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1 A BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit schematic for a memory cell 
used in the method of the present invention; 
5 Fig. 2 is a topographical layout of a 4 X 4 memory 

array used in the method of the present invention; 

Fig. 3 is a circuit schematic of the memory array 
shown in Fig. 2; and 

Fig. 4 is a cross-sectional view taken along line 
10 4-4 in Fig. 2. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

15 As shown in Fig. 1, a preferred embodiment of a 

high speed nonvolatile memory cell of the invention 
comprises a floating gate pMOS transistor for data storage 
and a merged npn bipolar transistor for selective access to 
stored data. A first N+ polysilicon region forms the 

20 floating gate 22a of the pMOS storage transistor while a 

first P+ polysilicon region forms its control gate 26a. A 
second region of N+ polysilicon forms the emitter 22b of the 
npn bipolar transistor. A second region of P+ polysilicon 
forms the contact 26b to P+ epitaxial regions which form 

25 part of the base of the npn bipolar transistor. The N+ 
buried layer 13 serves as the collector of the bipolar 
transistor . 

A process for fabricating a semiconductor memory 
cell structure, the circuit schematic for which is shown in 
30 Fig. 1. and the memory cell structure which results from 
this process are disclosed in European patent application 
81402036.8 published with No. 0055182 from which the present 
patent application is divided. 

The memory cell shown in Fig. 1 is utilized in an 
35 electrically erasable, high speed, nonvolatile memory ari:ay 
such as that shown in Figs. 2-4. 
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1 As Shown in Pigs. 2-3, the memory array comprises a 

matrix of memory cells of the type described above which are 
formed as a plurality of rows and a plurality of columns of 
such cells. Fig. 2 shows a section of the memory array 

5 topography, representing 16 bits in a 4 X 4 array. 

The memory array includes a plurality of X write 
lines, the control gate of each pidOS storage transistor in a 
row of memory cells being connected to an X write line 
corresponding to that row. In the illustrated embodiment, 

10 the X write line comprises P+ polysilicon and forms the 
control gate of the pMOS transistors in that row. 

The array further includes a plurality of X sense 
lines, the emitter of each bipolar transistor in a row of 
cells being connected to an X sense line corresponding to 

15 that row. In the illustrated embodiment, the' X sense line 
comprises N+ polysilicon and links all emitters of the npn 
bipolar transistors in the row. 

The array further comprises a plurality of source 
lines, the source of each pMOS storage transistor in a row 

20 of cells being connected to a source line corresponding to 
that row. 

The array further Includes a plurality of Y sense 
lines, the collector of each npn bipolar transistor in a 
column of memory cells being connected to a Y sense line 

25 corresponding to that column. In the illustrated 

embodiment, orthogonal strips of N+ buried layer form the Y 
sense lines and are OR-tied to the collectors of the npn 
bipolar transistors. 

To encode binary data into the memory, an erase 

30 voltage, preferabley about +20 volts, is applied to each of 
the Y sense lines. Simultaneously, each of the X sense 
lines is maintained at the erase voltage, each of the X 
write line? is maintained at ground and the erase voltage is 
applied to each of the source lines. At these conditions, 

35 each of the storage transistors in the array assumes a 

relatively negative threshold state. A memory cell having a 
relatively negative threshold state is relatively less 
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conducting when a read voltage is applied. Next, a write 
voltage, preferably about +20 volts, is applied to selected 
X write lines while maintaining unselected X write lines at 
ground. Simultaneously, selected Y sense lines are 

5 maintained at ground and an inhibit voltage, preferably 

about +5 volts, is applied to unselected Y sense lines. The 
inhibit voltage inhibits threshold shift by reducing the 
field across the thin oxide beneath the floating gate of the 
pMOS storage transistor. The inhibit voltage is 

10 insufficient to cause any significant threshold disturbance 
in unselected devices over many cycles of data change. At 
the same time, each of the X sense lines is maintained at an 
intermediate voltage, which intermediate voltage is between 
the write voltage and the inhibit voltage and preferably is 

15 about +10 volts. The intermediate voltage is equal to or 
less than the base/emitter breakdown voltage of the npn 
bipolar transistors in the array. At these conditions r the 

pMOS storage transistors of memory cells located at the 
intersections of selected X write lines and selected Y sense 

20 lines assume a relatively positive threshold state while the 
remaining memory cells remain at the relatively negative 
threshold state. A memory cell in a relatively positive 
threshold state is relatively more conducting when a read 
voltage is applied. 

25 To read data from the memory, a selected X sense 

line is maintained at ground. Simultaneously, unselected X 
sense lines and each of the Y sense lines are maintained at 
about +3 to +5 volts. At these conditions, memory cells 
connected to the selected X sense line and having ptiOS 

30 storage transistors in the relatively negative threshold 

state are less conducting than memory cells connected to the 
selected X sense line and having pMOS storage transistors in 
the relatively positive threshold state. Memory cells 
connected to the selected X sense lines are monitored to 

3 5 determine their relative conductance . 

Table I provides a summary of operating conditions 
Cor the array. 



-7- 















1 




ERASE 








0 

CNi 


0 


0 


< 




O O 

-ZL -31 




IT) 


0 
u 


0 






UJ 

1— 


o o 
3r >- 


• 


in 


0 

r— 
II 

>• 


0 






WRI 


in 

o o 
>- Z 




wn 


M 


0 

CNJ 

II 




2: 




tn 

>. >- 


• 


vn 


0 or 10 


0 

CXJ 

11 

3C 
=> 








o o 








CO 


CO 






0 QJ 

z >- 




CO 




CO 


CO 




o 
















RE^ 


0 0 

>- 21 




0 


u 
>« 

u 

0 
-X) 


CO 


ro 





01 761 1 1 



Oi CJ 

>- >- 



o 



CO 

2: 

o 



o 
o 



t3 

2: 



Q_ 
O 



CD 



X >- 



cu 
o 



X CJ 

CD 

00 



o 

^ c: 
c 

o ^ 



tn en 

c s: 

X >- 



X . > 





0 










OJ 


O) 


u 


U 


CJ 


<u 






tr 


c: 


Oi 


Oi 


wo 


1/1 


>- 


>- 



"8- 



01 761 1 1 



1 CLAIMS 



A method for encoding binary data into an 
electrically erasable memory, said memory comprising a 
matrix of memory cells formed as a plurality of rows and a 
plurality of columns of said cells each of said cells 
comprising a floating gate field effect pMOS transistor for 

10 storage of binary data and an npn bipolar transistor for 
selective access to stored data, a plurality of X write 
lines the control gate of each said storage transistor in a 
row of said memory cells being connected to an X write line 
corresponding to said row, a plurality of X sense lines the 

15 emitter of each said bipolar transistor in a row of said 
memory cells being connected to an X sense line 
corresponding to said row, a plurality of source lines the 
source of each said bipolar transistor in a row of said 
memory cells being connected to a source line corresponding 

20 to said row, and a plurality of Y sense lines the collector 
of each said bipolar transistor in a column of said memory 

cells being connec ted to a Y sense line corresponding to 
said column, the method characterized by the steps of: 

(a) applying an erase voltage to each of said Y 
25 sense lines and, simultaneously, maintaining each of said X 

sense lines at said erase voltage, maintaining each of said 
X write lines at ground and applying said erase voltage to 
each of said source lines such that each of said storage 
transistors assumes a relatively negative threshold state; 
3 0 and 

(b) applying a write voltage to selected X write 
lines while maintaining unselected X write lines at ground, 
and, simultaneously, maintaining selected Y sense line© at 
ground and unselected Y sense lines at an inhibit voltage 

35 which is less than said write voltage and maintaining each 
of said X sense lines at an intermediate voltage which is 
equal to or less than the base/emitter breakdown voltage of 
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said bipolar transistors such that the storage transistors 
of memory cells located at the intersections of said 
selected X write lines and said selected Y sense lines 
assume a relatively positive threshold state. 

2. A method according to claim l characterized in 
that said erase voltage is about +20 volts. 

3. A method according to claim 1 or 2 
characterized in that said write voltage is about +20 volts, 

4. A method according to claim 1 . 2 or 3 
characterized in that said inhibit voltage is about +10 
volts . 

5. A method according to any one of the previous 
claims characterized in that said intermediate voltage is 
about +5volts . 

6. A method according to claim 1 to 5 
characterized by the further steps of: 

(a) maintaining a selected X sense line of a row of 
memory cells at ground and, simultaneously, maintaining 
unselected X sense lines and each of said Y sense lines at a 
read voltage such that memory cells connected to said 
selected X sense line and having storage transistors in said 
low threshold state are relatively less conducting and 
memory cells connected to said selected X sense line and 
having storage transistors in said high threshold state are 
relatively more conducting; and 

(b) monitoring the relative conductance of memory 
cells connected to said selected X sens lines. 

7. A method according to claim 6 characterized in 
that said read voltage is about +3 volts. 
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